INTRODUCTION
where
is the contact stiffness and that is
The resultin_ equation defines the dependent degree of freedom as the indentation at each time step of the transient analysis.
The value of the indentation is assigned to an EPOINT.
The EPOINT, or extra point, is a nonstructural variable that is used to store the value of the indentation.
The EPOINT is provided as input to the NOLIN3 card.
The NOLIN3 card is the means of applying the time-dependent nonlinear load based on the indentation.
The NOLIN3 card has the form:
where P(t) = the resultingnonlinear force S = a scale factor x(t) = the displacement or velocityof a degree of freedom A = an amplificationfactor 
RESULTS

One Dimensional Rod
The first problem analyzed is the longitudinal impact of a steel ball on a long alundnum rod of constant cross section. Geometry and material properties of the impactor and target are given in figure 1. figure 3 . The sign reversal of the second pulse is caused by the reflected tensile stress wave generated by the incident compressive wave reaching the free end of the bar [19] .
Some insight into the tinting and the location of the impact-induced structural failure can be gained by tracking the distribution of energy in the impactor and the target, as shown in figure 4. The energy balance can be expressed as: 
The total energy in the system, Utot, is divided between the kinetic energy and the strain energy of the target and the impactor in a time-varying manner.
Because damping effectsaxe not considered, the total system energy is constant and equal to the initialkinetic energy of the impactor. The strain energy of the impactor is non-zero only during the contact interval(0 < tc/L < 0.4, where t is time, L is the length of the bar, and c is the wave speed in the bar) and peaks when the contact force is greatest,approximately halfway through the contact interval. The kineticenergy of the impactor decreases rapidly as the impactor slows during contact with the target. Eventually, at tc/L __ 0.25, the impactor velocity (and therefore its kinetic energy) decreases to zero and "the elastic rebound begins. The kinetic energy of the impactor never returns to its initiallevel, however, because approximately 80% of the energy has been transferredto the target in the form of strainenergy and kineticenergy. The strain and kinetic energiesin the target both increase rapidly during the contact with the impactor and remain constant after contact has ended (tc/L > 0.4). Both strain and kinetic energies maintain equal and constant values until the compressive stresswave generated by the impact reaches the far end of the free-freebar (tc/L = 1.0). A tensilestresswave is generated when the compressive pulse reflectsfrom the stressfree boundary [19] . The superposition of the incident and reflected pulses momentarily leaves the bar stress-free, and the strain energy decreases to zero. The kinetic energy simultaneously increases,maintaining a conservation of total energy. The reflectionprocess is repeated at tc/L = 2.0, when the reflected pulse returns to the impacted end of the bar.
Similar energy dissipation diagrams may prove useful in analyzing dynamic failure of more complex structures. By tracking the distribution of energy and assuming a strain energy based failurecriterion,it maybe possible to locate areas of failurein the target and predict the time of failureof these areas.
Composite Plate
The 1988, v. 28, No. 6, pp. 729-736. 
